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lieport  on  SxKJcir.'  Meeting  To  Discuss  nondeotructlvo  Tests  for 
Pllan>ent  Wound  fTbea’glaoB  Motor  Cases  et  ASjC  “  Sacruzaento  on 

2^25  January  1963 

i 

A  special  asetlng  of  tbs  PoJsorls/Mioiiteiaaa/Pershiijg  NDT  Coonlttos  vas 
bald  at^  AQC>^anuaBnto  oo  24»25  January  I963  to  dlBcuao  techniques  for  Inspee- 
tloo  of  nbairKlasfl  ebaabers.  cnfoortuoately,  only  Polaris  people  took  pert^ 
but  there  vas  an  dbsarror  frea  S.T.L.  (Minuteoan). 

Barold  BemstedLn,  In  his  opening  reexarks  for  SPO,  pointed  out  that  our 
altoetloQ  Is  OBich  different  nov  vlth  fiberglass  as  cciqnred  to  steel.  With 
steel  ve  felt  that  v«  koev  our  oetorlal,  could  Q>eolfy  wudmni  flav  sIm,  and 
bod  rellahle  8DT  and  other  technlqvws  for  quality  control.  Va  coxild  hydrotest 
a  steel  oase  severel  time  at  design  preesure  and  use  SEfS  BMthods  for  detec¬ 
tion  ofdMaage  dvoiov,  hydroteet.  On  the  other  band  e  fiberglass  case  has  one 
hfdroteat  sod  no  ertnhllshed,  rellnble  BDT. 

While  ve  haw  bod  firing  failures  directly  attzibutad  to  case  dazoage 
during  hydroteet^  thu  cceplete  eliaination  of  hydrotest  Is  not  desired,  for 
oo  Kr.  Bernstein  so  aptly  said,  '*Ylrginlty  is  no  prtxjf  of  virtue". 

We  need  aujploEieatary  teets.  Ve  need  to  increase  oorverage  (100^  ooverege 
If  pceaible)  ati  to  reduce  ooet.  (We  can  get  lOOjt  coverage  by  x-my,  but  at 
greet  ooet.; 

Ue  then  bxkd  froa  J.  A.  Haodron  of  AOC  about  the  status  of  the  ACC  A-3 
l\xlarla  Master  Plan  for  ICDf.  Aocept-rejoct  crltezis  ere  fairly  flm  vlth 
the  «ac'  ptlon  of  x-ray  on  the  glsss-vr«q>.  AOC  to  use  or  conteoplste 

vmlng  about  •  ary  XDT  tochnlqua  knovn  at  this  tloe,  Inoludlng  candling  for 
voida  in  the  Insulator.  Other  techniques  Mentioned  vere  ultrasonics,  x-ray, 
eexroan  dischergo,  ndcrowave,  beta-beok  soatter,  qpark  test,  statl-flux,  and 
aolstore  detector,  Ultreeoalo  and  x-rey  techniques  are  ooaventloaal  biit 
BOBre  about  ultrasonics  beloer.  Spezic  test  Is  tuMd  to  detect  tfarough-aolea, 
Ccarcna  dlsoh<crge  end  lalcrowaves  oan  detect  voids  in  lasoltetlon  and  glass- 
vrap.  BetU'-regr  be<^  scatter  can  be  used  to  aaosure  reels  content  on  the 
finished  case,  but  only  to  a  United  depth#  Candling  is  also  used  on  the 
coogkleted  cbatdbmr,  Tvo  miggeetions  vere  neWto  firaa  the  table  of  this  tisie 
to  use  a  Bcrascope  or  a  telescope  systen  called  "Optro"  (Sp?)  to  keep 
personnel  out.  of  the  rhenber  ae  much  as  possible.  Stetl-fltix  Is  used  to 
detect  cracki  and  erasing  on  the  oocq>lerted  chseiber.  Percentage  moisture  level 
la  mohltorod  vlth  an  electronlo  moisture  detector.  This  latter  test  is  for 
tbs  purpose  of  gathering  infoormetloa  on  the  effects  of  lacxLsture  on  chamber 
performance  as  roquostad  by  BRL  and  QPO. 


In  connection  with  ulti-oaonlco,  the  AUWI  iJiDdifi cation  will  oe  uGod  to 
automat! colly  inspect  end  record  the  cylindrical  section  for  unboiKl  and 
dolaolnfitions . 


R,  Steale  and  A«  Green  of  AOC  spoke  on  sonic  analysis  of  hyd'»*otc6t,  Bioy 
found  that  there  la  a  radial  diaplacemant  of  the  fiberglass  at  the  odge  of  the 
ndazle  port  and  this  seems  to  occur  at  a  praasure  of  pal.  is 

boliemd  to  be  indicative  of  a  stress  relief  vhich  leads  to  knuOtle  failure  or 
a  delsalnatioa  vhich  leads  to  the  so  callsd  flower  bvursta. 

Acceleroosrtars  are  better  fhr  listening  than  oicropboaes  because  1)  th^ 
have  ylder  froqueoesv  range;  2)  have  less  extraneous  noise;  3)  they  arc  nore 
ooslly  calibrated  i  4)  being  aoaller  they  give  better  re«olution. 

As  part  of  the  prograo  they  oeasured  sound  velocity  in  flberglsss.  Ihis 
vas  done  by  tapping  with  a  ball  at  a  known  distance  f^roa  tha  ocoelarcaatar  and 
recording  delay  tioe  on  a  tag^  recorder  runxdng  at  60  ips.  By  ploying  back  at 
0.6  ipe  the  tap  end  reoaivad  signal  could  be  seporated  and  the  tino  tasaoured. 
Hity  record  I90  K  in/eec  In  tha  plane  of  the  fiberglass  In  the  direction  of 
vrep.  Ibis  is  of  oourae  at  sooio  freq:tMncies. 

3RL  has  raaosured  the  velocity  at  1.0  Me  to  be  192  K  In/sec  In  the  axial 
direction  (parallel  to  czls  of  notor  caee)  and  X87  K  in/sec  in  the  circxBnfer> 
ectial  directlati.  Iba  oxrtar  circuaferantial  winding  cooprisee  almost  half 
the  thickness.  A  velocity  of  20$  K  ixi/Bec  vaa  aasaxired  in  this  layer.  Through- 
the- thickness  velocity  vas  121  K  in/aeo.  The  luoplo  vos  out  from  on  AOC  A-3 
first  etege. 

Mr.  Z).  T.  O'^MXaar  described  experlaeats  being  run  at  Mognaflux  Coarp. 
on  the  use  of  Corona  dlscharga,  Bota-ray  ba<dc  scatter^  and  zaiorouave  techniques 
for  inspecting  ■ortor  oases.  Beta  back  scatter  has  lifted  ponetration,  but 
oonld  be  used  for  reela  ooatsnt  to  the  extent  it  penstratee.  As  such  it  does 
not  appetar  feasible  for  aotor  case  inspection.  CoroxM  discharge  is  ionixatlan 
la  a  t^^aecros  void  in  a  solid  caused  by  a  strong  electric  field.  This  ionizs- 
tiOQ  Doy  be  detected  by  the  xsdlstlan  it  produces  or  by  the  pulse  that  ocoura 
in  tha  high  voltags  transfCmer.  It  can  detect  voids  I/16"  in  diameter  in  the 
fiberglsss-resla  aatrlx.  A  distinct  separation  dfthe  vails  of  the  void  la 
not  neuesoery.  Mlccrovsves  are  used  by  setting  up  standing  waves  and  anasurlng 
the  effect  on  them  of  different  properties  of  the  asterlals  in  the  field.  A 
void  has  a  different  propagation  tmetor,  hence  different  wavelength  frost  the 
parent  naterlal.  Chahgaa  in  standing  wave  pattern  are  indicated  oa  suitable 
detecting  InstrtxMnte.  It  ess  stetad  that,  as  compared  to  ultrasonics  vhich 
osh  detect  only  unbonds  and  delsninatlons^  aicrosraveo  can  detect  foralga 
inclusions  and  tiny  bubbles.  The  microwave  system  requii^  b  metollic  reflec¬ 
tor  on  the  other  side  of  tha  motor  case  vail.  Scan  time  for  cyllndrlccLl  section 
for  both  aicrawave  and  corona  discharge  ware  estimated  at  4  hours. 
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MTo  D.  C.  Erdmon  describci  liio  developniento  in  the  field  of  frequency- 
uioduLated  pulsed  ultrajsonlcBo  He  pointed  out  that  the  Inhomogeaeoxie  nature 
of  the  flborglaas  cauneo  sever'i  ocattering  at  conventional  ultrasonic  froquen- 
claa.  I>3wer  froquencloa  arc  tinmaoittod  better  but  pulses  got  so  long  that 
the  trsioamitted  ptilse  is  still!,  going  out  vhen  echoes  ore  returning.  Tc  get 
arouisd  this  Srdio^  uses  a  pulse  that  is  linearly  modulated  in  freqijiancy  (100  kc  - 
300  kc).  Thus  the  echo  that  cxxoee  iieck  vlll  not  be  at  the  same  frequency  as  the 
poirtloa  of  the  tirmsmltted  pu^.se  that  is  still  going  out.  Presently  resolution 
belov  ourTsce  is  only  x/k  to  3/3  of  an  inch^  but  a  differentiator  as  in  the 
''msMorocope''  should  liqprovs  this,  ifith  this  technique  it  may  b«  possible  to 
inspect  the  whole  case  for  bonds  aikd  del  ami  nations .  Tbs  lov  frequency  works 
against  finding  snail  defects  such  as  bubbles. 

Kr.  P.  K.  Underbill  of  AOM  described  a  TV  readout  x-ray  scan  system  (PlCS) 
which  uses  a  bundle  of  fine  plastic  'ilaoents  with  scintillataro  dispersed  in 
the  plastic.  t!Ms  gives  a  directiorality  which  enhanree  the  sclntiUatcr  out¬ 
put  which  In  turn  is  converted  to  readout  with  an  inage  orthicon.  Thia 
system  looks  proalsing  as  a  scanni  tg  systeou  MOL  has  indicated  that  they  will 
>y>ip  out  in  the  development  of  thi'.a  system. 

John  Reodron  returned  to  say  few  words  about  tiq?  tests.  The  inspector 
has  to  be  able  to  distinguish  pltcics  5  cpe  apart.  Correlation  was  about  003^ 
with  Betatron  where  cociparlOQa  was  made.  ^Cop  tests  don't  detect  e  deep  delaol- 
oatloa  under  a  aliallow  one.  Wheo  tsked  about  avaluatlon  Kr.  Oeodron  said  that 
the  laotor  case  that  showed  most  de^aminatiaa  went  to  highest  pressure  In  the 
tarrst  test. 

Kr.  A.  D.  rv'^nn  ocf  NX  described  the  start  of  a  program  of  analysing  XTO 
datn.  ’Bsc  first  step  is  to  classify  defects.  Voids  are  recordod  as  to  area, 
creckfl  es  to  length,  deleaii nations  as  to  area,  etc.  and  these  ere  given  weights 
of  1  to  5  depeadiug  on  their  severi'^r.  Correlntion  with  perfboraanoe  is  not  yet 
sveilnble.  Aiikad  vbet  areas  ore  viakest  with  regard  to  gathering  InfoTsmtloa, 
Kr.  ludan  rapUad  that  the  knuckir  area  is  worst. 

Mr.  R.  J.  Bownsy  briefly  descilbed  KDT  st  ABL.  X-ray  is  used  to  detect 
resin  pocksrte.  dolanl nations  (usui..  rsnge  l/h"  to  2"  long  and  to  l/32'^  wide), 
vt>lds  (which  are  rare).  He  se^d  no  ABL  motor  failure  ben  been  oorrelet^ 
wlth,.knovu  fiberglaso  defects.  Hoi  store  readings  are  being  taken  as  at  AOC. 

So  oorrelatlooi  has  been  found  with  perfonaance  as  yet.  Some  experlxsBnts  have 
bean  tried  with  nevitron  radiograph' .  OSaese  ere  interesting  but  the  question 
arx>so  as  to  where  we  get  neutrons.  ABL  also  uses  Static  flux,  contrast 

rediognsqjhy,  Sonoray  %ritb  low  fret  ancy  adaptor  and  have  corona  discharge 
available c 


Mr.  ?.  E.  Alsofoa  of  Ii6C  pre^.ented  his  infrared  axperissmts.  Indications 
oro  obtained  from  resin  inclusions^  case— linear  unbond,  and  vail  thickness. 
Abillly  to  scan  the  gndn  of  the  lacor  cose  depends  on  whether  tho  whole  inner 
surfucc  can  bo  heated^ 
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Mr»  J,  A.  Cualck  of  NAD-Coacord  descri'bod  experime-its  uBlng  locchanlcal 
iJUpedonce  measurocoftn'to  to  detect  motor  case  defects.  Mechanical  impedance, 
the  ratio  of  force  to  velocity,  can  Ije  mea8\xred  with  suitable  equipment.  It 
may  be  possible  to  use  inatead  the  ratio  and/or  phane  angle  of  force  to  accelera¬ 
tion.  Oscillograms  were  presented  shoving  force  and  accoleratlon  behave 
in  opposite  sense  over  a  sepaaratlon  and  over  sound  material.  It  was  pointed  out 
that  the  ayetera  could  detect  delamiaatlons  under  delaolnetions.  ^Diere  is  a 
possibility  that  the  force  generfitor  could  be  applied  arlally  at  the  sldrt  end 
and  velocity^  acceleratioa,  or  dlsplacemeot  readings  talen  radially  along  the 
oylinder  section  or  at  the  other  end  of  the  case.  It  vould  also  be  possible 
to  apply  a  force  radially  by  means  of  an  eccentric  located  in  a  central  boss 
at  eitb^  docaa.  If  nechanical  l]q>adanoa  works  out  it  should  be  a  quick  snd 
relatively  inexpensive  method  for  motor  case  soonnlng. 

Hr.  S.  S.  Sari  of  HBL  described  e  noval  i^prosch  to  ultrasanie  inspection. 
The  brain  child  of  V.  J.  fry  of  the  University  of  Illinois,  the  system  uses 
high  power  focused  ultra  aotnd  to  eaueo  local  heating  in  a  nail  space.  Oba 
heating  viU  cause  changes  In  velocity  which  will  produce  an  iaQ>«danoe  differ- 
•ace  where  before  there  wee  none.  Zf  the  material  in  the  small  spot  being 
ii*radlsted  has  an  abeorptioa  coeffloiaat  different  from  its  surroundings  it 
will  be  beeted  diffamtly  sod  will  display  a  different  acoustic  l«pertanc»>, 
hence  there  will  be  a  reflection  coefficient  at  the  boundary.  Thus  areas  which 
bsfosre  had  the  saaw  acoustic  liyedanoe  nov  are  different  end  can  be  detected. 
Detection  is  eccompliobed  by  sending  out  conventional  ultrasound  pulses  near 
the  end  or  after  tho  heating  pulse,  Ihry  has  socse  of  the  equijnsot  built  snd 
vtMKi  fXB3ds  are  allotted  will  start  coostructing  the  necesesry  high  power  trans¬ 
ducer.  Powers  in  the  order  of  many  kilofwatts  per  square  oaotljerter  may  be 
needed. 


J.  A.  Kies  of  SRL  presented,  at  the  reqxiest  of  SPO  s  list  of  defects 
which  have  been  known  to  cause  cr  are  believed  to  have  caused  failure  In  fiber¬ 
glass  motor  oases.  This  was  an  "off  the  top  of  the  head"  list,  birt  any  errors 
are  probably  errors  of  omission. 

1.  Debood  between  aft  adapter  plate  and  XPd7  insulation. 

2.  '  Poor  doily  geometry. 

3.  So  orerlap  In  dollies  in  front  end. 

k.  Clacks  la  snap-ring  channel  in  aft  adapter  plate. 

Dsbood  between  flberglasa  euad  oft  adapter  plate. 

6.  Acoideatol  Machine  tool  cute. 

7,  Knots  in  roving. 

a.  fhat^led  (folded)  doilies. 

9.  Too  little  glass  in  spiral  wound  dollleo. 

10.  Relaxed  rovings. 

11.  Poor  inter! sralnar  sheer  strength  or  poor  adhosion  (doilies  Isproperly 
B-staged  or  resins  incompatible). 

12.  Prepreg  roving  cure  too  fOr  advanced  at  time  of  winding. 

13.  Cracks  in  EP07  insulation. 


I, 


Of  tbeae,  only  four  are  caosldered  serious  in  tenas  uf  need  for  detection 
In  the  fiberglass.  These  are  cuts,  delaoiinatlons,  resin  rich  areas  azxd,  not 
on  the  list,  bcruisec  or  dagnage.  Such  things  as  itecis  7,  9,  ii,  i2 

sore  oonaldered  to  be  process  control  ostterso 

Dr.  Bujea  of  lIAD-Concord  made  soioe  comamta  on  the  limitations  and  ultl- 
oMte  eeneltivl'ty  of  radiography.  He  ahoved  alldas  of  x-rays  in  vhlcb  ha  pointed 
out  individnal  rovings  In  a  fiberglass  case. 

Be  praeented  sone  data  on  low  voltage  absorption  chBracteristlcs  and  indl- 
oatsd  an  optiaa  voltage  for  ressonabl  e  eocposure  tine  in  the  range  2^39  IV. 

He  also  pointed  out  the  advantagee  of  using  a  continuous  fila  technique 
in  tens  of  cost  end  tioe.  Frohlsns  of  aynchronlaing  motor  and  film  aotloa 
■dght  bo  avoided  by  a  stepping  procees  instead  of  continuous  motion. 

H.  Zagcrites  of  HIDL  hed  a  fev  vorda  to  aay  about  tha  use  of  the 
oua  aoan  ayetea  ha  haa  ban  enrklng  vith.  He  polntad  out  that,  balag  ^tlfrlTy 
a  aoluee  sensitive  (voids  only)  aye  tea,  It  wonld  have  cnly  llelted  applioebill^ 
to  the  motor  oeee. 

D.  Folenaky  of  BQQL  reported  on  eooe  oonslderatlone  of  fast  neutron  redlo- 
grephy  uhlch  ehowed  tfaet  faet  neutron  radiography  is  xkot  feasible. 

He  euggeeted  the  use  of  a  lead  boro-silicate  glass  nd  in  each  roving 
or  in  a  suitable  nunber  of  roriaga.  Caaae  are  easily  detectad  In  x-rays  and 
vottid  ahov  irregularities  In  winding. 

also,  suggested  the  use  of  oontlnuoue  fUa  in  radiography. 

Oo—nte  and  Kcoo—andationa 

(Xr  requlrment  le  for  a  qpiok  soon  teclulquB  that  canoover  the  vbola  notor 
lacluding  Inaalator.  Defeat  Indloatlana  can  ba  idantifiad  by  aipplnantal  taste. 
Om  eye  tan  ahouLd  be  able  to  aaa  dabooda  and  throughout  the  linlc- 

tor  and  case.  Propel  lant-llnar  or  propellant  -  inaulatlon  deboods  are  not  consi¬ 
dered  pert  of  the  aotor  cese  iaapeotlon,  but  any  a/etea  that  con  datect  these  as 
well  as  motor  oesa  dafecta  will  gain  points. 

It  la  naoaeaery  to  set  tp  dafaet  teat  standarda.  This  will  ba  dona  by  SPO 
with  the  help  of  AQC  end  BFC  end  eoyhody  else  who  oen  eud  will  aaelat. 

SPO  will  plok  one  qretea  for  aoan  (vith  poealbly  one  for  baokip).  Dedaion 
will  be  made  after  the  Hff  OoMdttaa  Meeting  in  April.  Three  points  are  mn- 
tloaed  aa  beaia  for  dadalan:  1)  Ability  to  detect  flews;  2)  State  of  Develop- 
BMnt;  3)  naotloallty. 

The  agenda  and  a  Hat  of  ettendaee  foUov. 


5 


Jaiiufcry  1^63 


rGcl'i' 


OfOO 


0945 

.\015 

;u.oo 


C  c  ’  io^  RacariiB 
S  ^toBont  of  Problem 

T>!clialcal  dscussloos 
8  <etu8  of  tOJT  at  AGC 

H'^roteot  Analyslo 

L)V  Frequenoy  UUxaconica 


.3  30  D^vvlopomt  of  Co(ronB, 

M  crowave  aod  Beta  Bock' 

0  'c  ttar  MstboAs 

-1200  M.-thod  of  QbtcJjiing  TV 

P 'ttsemtatlcn  of  Delamloa-* 
tLons 


^230  A  telyvlB  of  UM  Data 

400  Statue  cf  lafl'orad 

L  iwlopnomt 

430  S  .etua  of  KJ/S  Devalopoent 

a^  ABL 


'  ‘>15  (j  la  of  Locb Ileetlog  by 

ULtraeomlc  co  Enbaoce 
I^i>adaxMe  Dlfi'eraaoe  for 
flaw  Detoctloti 


i‘>5 


k>clAxxleal 

Kw-auratMita 


5  Jf..uary  I963 


o:ax) 


X-i-ay  atkd  Goibb  Scintilla* 
tlon 


jR,  W.  lalnaon,  :^l> 

H.  Bertet.ii-i, 

Jo  A,  Hemlrca.  A&:; 


R.  Steele,  /iflC 

Do  C.  Urdnai, 
Ultrasonic  Cocsultant 

D.  O'Cotuxor, 

Magnaflux  Ccrr oration 


Po  E,  UolerlDl,  AOS 


A.  Do  LucUV-i,  ACC 

fo  Alzofon/p.  ficlikritai, 
1A8C 

Hen  Dovney,  AI'.L 
2.  Hart,  HRL 


Jo  Cuaick/P  E-Dd. 
HAD,  Oonoord 


Jo  1.  bujea,  I'JVD,  Caocsjrd 


>J30  A ittUcablU  tgr  of  Contlnuoua  H.  Zacurltaa^UniX.,  SoFo 

S  canning  S^xtose  to  Claen 

i-015  03C  of  BedlatxonfOT  Inepectlon  Crlecuolo/F  J an aty/pexTy , 

of  Oleae  Cbnaiberi)  HOI. 

1045  StanatloB  6.  D.  3Iart  for 

Ho  Benwtsla,  EP 


6 


_av4P/:ri  lu, 


Odj’t,  n'o  i?ndJ,<r/ 
S.,  BTfuima 
H. 

P,  A  Steinlaritz 
Done.14  Brdajcji 
Do  FoiciiAlsy 
Ho  A,  Zafioarlt«a 
J,  A  Jtocdroa 
J.  I,  Bu^os 
J.  H  Cuslcjh 
J.  L.  I^oclcllff 
A,  D,  7^cla;i 

F.  C,  Huc<a 

R.  £,  Zittgato 

A.  T  CJroen 
J.  V.  Pw-Jctne 
0.  M.  BanMnotar 

S.  I  C.  Tdoo 

O.  t,  CoGsptoo 
D.  E.  a«r«c 
a.  D.. 

F.  Alf^fon 
H.  V?,  Crlbba 
H.  K  3t«»«lo 
a.  A  ScluMrrotd 
X.  evlth 

B.  h.  Jawcbadic 

P.  E.  UfaSartilH 
V.  Ho  ThcoD^ 

J.  ;  ,  laoa 
S,  C.  Btsxp 
r,  T.  O’Ccjcaca* 
’iaXt-iir  IcTJld 


Robw  t  To  B  Vocdb  t*  ■/ 
AlJjfn  ,3h*.hX<3^ 

SoarJL<\  J,  rxwaoy 
J,.  C  ShJ.nta 


BliWErci  Suany-vcZlG 

ACC 

8P0 

UBC 

ajc 

NOI, 

AOC 

HAD 


Uo  3, HAD, Coacnrd 

U. 3, HAD, Coaoord 

ACC,  8acraaento 

O.BoHADjCotxccard 

AOC 

ACC 

XtOUEFB 

EUWBPSREP.  8V 

QlMice  Techaoiogy  Lab,,  Inc. 
BPO 

EPLA-30 

U.S.BRL 

Ii©C,  P»io  Al'To 

AOC 

ACC 

AOC 

AOC 

;OH 

iOH 

u<sc 

U.SoNBL 

IflOQR 

M^gnaflux  Coerp. 

!4ut»  »,T.liav<il  flhlpy8a-<l 

Ui'XikloT*,  fl.  if. 

Allocex^  I>elllj8  tlc«  Leb 
Klatttec,  ricatlnoy  Arccaaal 
AXIogany  BRlUetlco 
i;©c 


